Objective: The presence of both α 1 -and α 2 -isoforms of the Na + /K + -ATPase (NKA) in cardiomyocytes indicates different functions. We hypothesized that preferential localization of the α 2 -isoform to the t-tubules, locally controlling the Na + /Ca 2+ -exchanger (NCX), underlies a specific role in Ca 2+ handling. Methods: We studied NKA isoform distribution in isolated cardiomyocytes from Wistar rats using immunocytochemistry. NKA pump and NCX currents (I pump and I NCX ) were measured in control and detubulated cardiomyocytes. Intracellular Na + concentration [Na + ] i was assessed with the fluorescent dye SBFI. Results: The α 2 -isoform abundance was higher in the t-tubules than in the surface sarcolemma. We established that 0.3 μM ouabain specifically blocked the α 2 -isoform in isolated rat cardiomyocytes. This low concentration blocked 10.7 ± 0.6% of I pump in control, but only 6.0 ± 0.5% in detubulated cardiomyocytes. Moreover, measured and calculated α 1 -specific and α 2 -specific I pump in control (547 ± 29 pA and 66 pA, respectively) and in detubulated cells (495 ± 30 pA and 31 pA, respectively) showed that 53% of the α 2 -isoform, but only 9.5% of the α 1 -isoform, were localized to the t-tubules. Despite the small abundance of the α 2 -isoform (∼ 11% of total NKA), selective inhibition of this isoform induced a 40% increase in contractility in field stimulated cardiomyocytes, but no increase in global [Na + ] i . However, inhibition of the α 2 -isoform increased I NCX indicating local subsarcolemmal accumulation of Na + near NCX. Conclusions: The α 2 -isoform of the NKA is functionally coupled to the NCX and can regulate Ca 2+ handling without changing global [Na + ] i .
Introduction
The Na + /K + -ATPase (NKA) controls the concentration gradients for Na + and K + necessary to generate and maintain the membrane potential and to regulate cardiac contractility. Control of intracellular Na + concentration ([Na + ] i ) is of particular importance since it regulates the Na + /Ca 2+ -exchanger (NCX), a key player in the excitation-contraction (EC) coupling.
The active NKA contains a catalytic α-subunit (∼110 kDa) and a small β-subunit (∼55 kDa). In adult rat cardiomyocytes, two different α-subunits, α 1 and α 2 , and one β-subunit, β 1 , are expressed [1] . Although it has been shown that the α 1 -isoform influences Ca 2+ handling through the NCX [2] , it has been proposed that the α 2 -isoform plays a different and more important role in Ca 2+ handling than the α 1 -isoform [3] [4] [5] . Considering the higher abundance of NCX in the t-tubules than in the surface sarcolemma [6, 7] , and a slow diffusion of Na + in the cytosol [8] , one could expect to find the α 2 -isoform preferentially located in the t-tubules close to the NCX. Since it has been proposed that diffusion of solutes is slow in the subsarcolemmal region ("fuzzy space") [9, 10] , the two Cardiovascular Research 75 (2007) 109 -117 www.elsevier.com/locate/cardiores membrane proteins would be exposed to the same local "pool" of [Na + ] i . However, studies differ in their conclusions as regards the subcellular localization of NKA isoforms. Sweadner et al. [11] reported uniform distribution of α 1 and α 2 in the surface membrane, but little in the t-tubules. McDonough et al. [12] showed uniform distribution of α 2 -isoform, whereas the α 1 -isoform was homogeneously distributed in t-tubules, but sparse in the surface sarcolemma. Other studies have shown that the α 2 -isoform is preferentially localized in the surface membrane, and not in the vicinity of the junctional structures (e.g. not in t-tubules) [13, 14] . However, in heterozygous mice lacking one copy of the α 2 -isoform, contractility was increased [5] , suggesting a role for the α 2 -isoform in Ca 2+ handling. Moreover, contractility was decreased in a heterozygous α 1 +/− mouse [5, 15] , with compensatory upregulated α 2 -isoform, but was increased when the α 2 -isoform was blocked by ouabain [15] .
The main aim of this study was to determine whether the NKA α 2 -isoform is important for Ca 2+ handling in rat cardiomyocytes. We hypothesized that the NKA α 2 -isoform is preferentially located in the t-tubules, interacting tightly with NCX through local [Na + ] i in the fuzzy space. We first describe the localization of NKA α 1 -and α 2 -isoforms shown by immunocytochemical labeling of isolated cardiomyocytes, then confirm the results in electrophysiological experiments in control and detubulated cardiomyocytes. For this, we used a concentration of ouabain that specifically blocked the α 2 -isoform. We also show that blocking only the α 2 -isoform increases contractility through a local, but not global, increase of [Na + ] i .
Methods

Animal care
The investigation conforms to the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH publication No. 85-23, revised 1996).
Cardiomyocyte preparation
Male Wistar rats (Møllegaard Breeding and Research Center, Skensved, Denmark) weighing ∼ 300 g were anaesthetized with 68% N 2 O, 29% O 2 and 2-3% isofluran (Abbott Scandinavia, Solna, Sweden), and ventilated on a respirator (Zoovent, Triumph Technical Services, Milton Keynes, UK). Single cardiomyocytes were isolated enzymatically as previously described [16] .
Western blot analysis
Protein homogenates (15 μg for anti-α 1 and anti-α 2 McHERED, 25 μg for anti-α 2 Upstate) were electrophoresed on 6% SDS-PAGE gels, transferred to polyvinylidene difluoride membranes and blocked over night at 4°C in 5% nonfat dry milk. Primary antibodies used were: anti-α 1 (cat#05-369 Upstate, 1:2500), anti-α 2 McHERED (courtesy of Alicia McDonough, 1:3000) or anti-α 2 (cat#07-674 Upstate, 1:1000). Anti-mouse or anti-rabbit IgG conjugated to horseradish peroxidase (Amersham, cat#NA 931 and NA 934, 1:5000) were used as secondary antibodies. The blots were developed using Enhanced Chemiluminescence (ECL+, Amersham). Signals were quantified using ImageQuant software (Amersham).
Immunocytochemistry
Isolated cardiomyocytes were fixed in PBS buffer (mM: NaCl 137, Na 2 HPO 4 8, KCl 2.7, KH 2 PO 4 1.5, pH 7.40) containing 4% paraformaldehyde (cat# 04018, Polysciences Inc.) for 15 min, then quenched in PBS + 100 mM glycine for 10 min. After 10 min permeabilization in PBS + 0.03% Triton X-100, cardiomyocytes were blocked for 2 h in NaCl 150 mM, Na 3 citrate 17.5 mM, 5% goat serum, 3% BSA, 0.02% NaN 3 . Cardiomyocytes were incubated over night with primary antibody (α 1 , α 2 McHERED 1:100; α 2 Upstate 1:200) in NaCl 150 mM, Na 3 citrate 17.5 mM, 2% goat serum, 1% BSA, 0.02% NaN 3 , then for 2 h with a secondary antibody (Alexa-488 conjugated IgG, 1:200, Molecular Probes). Cardiomyocytes were scanned on a Zeiss LSM510 confocal microscope (excitation 488 nm Argon laser, emission collected at 505-550 nm). The images were deconvolved using Huygens Essential software (SVI, The Netherlands) before analysis.
NKA current (I pump ) and NCX current (I NCX ) measurements
We used protocols modified from [17] ] was calculated to be 300 nM, using WinMAX C 2.01 software (Chris Patton, Stanford University, CA, USA). Cardiomyocytes were superfused (37°C) with solution I containing (mM): NaCl 145, MgCl 2 2, CsCl 2, EGTA 0.1, D-glucose 5.5, Hepes 5, BaCl 2 2, nicardipine 0.001, pH 7.40 for at least 4 min until the background current was stable. The NKA and NCX were activated by applying solution I containing 5.4 mM KCl and 2 mM Ca 2+ , respectively. The peak outward shift in the membrane current was taken as I pump or I NCX . Ouabain was perfused for at least 2 min before measuring I pump or I NCX in the presence of ouabain. Voltage ramp protocols were applied before and during activation of the I pump . Cardiomyocytes were depolarized to + 70 mV for 50 ms, then hyperpolarized to − 120 mV (dV / dt = 380 mV s − 1 ), and back to − 50 mV. The difference between the recorded current at baseline and during activation of NKA defined the I pump -voltage relationship.
Detubulation
Detubulation was induced by exposure to formamide as described by Kawai et al. [18] using solution II (mM): NaCl 140, D-glucose 5.5, KCl 5.4, HEPES 5, CaCl 2 1, MgCl 2 0.5, NaH 2 PO 4 0.4 (pH 7.40). Normal and detubulated cells were labeled with di-8-ANEPPS to quantify visible membrane fluorescence in the optical sections, and to assess the extent of detubulation both as previously described [19] and by plotting capacitance as a function of cell volume. Membrane capacitance was calculated from the capacitive current induced by a 10 mV depolarizing step. Cell volume was evaluated using v = (πlwd) / 4 [20] , where l was the cell length, and w the width. The cell depth (d) was assumed to be 1/3 of the cell width [20] .
Contractions and Ca 2+ transients
Laminin plated cardiomyocytes were field stimulated at 1 Hz in solution II containing 1.8 mM Ca 2+ (37°C). Contractility (fractional shortening divided by time to peak, FS/TTP) was measured from contractions recorded by a video edge detector (Crescent Electronics, Sandy, UT USA). Ca 2+ transients were measured in cardiomyocytes loaded with Fluo-4-AM by longitudinal line scans on a Zeiss LSM510 confocal microscope. Fluo-4 was excited at 488 nm and emission was measured at 505-550 nm.
Intracellular Na + measurements
Global intracellular Na + in cardiomyocytes field stimulated at 1 Hz in solution II + 1.8 mM Ca 2+ was determined by emission ratio mode Na + -binding benzofuran isophthalate (SBFI) fluorescence as described by Baartscheer et al. [21] . To adjust for variations in the SBFI loading of the cardiomyocytes, the ratio was adjusted to zero for [Na + ] = 0 mM. After the experiment each cardiomyocyte was perfused with solution III containing: monensin 30 μM, gramicidin 2 μg/ml, ouabain 1 mM, Hepes 5 mM, Glucose 5.5 mM, EGTA 2 mM, supplemented with NaCl (0 or 140 mM) and KCl (140 or 0 mM), pH 7.20.
To 
where K d is the intracellular dissociation constant, β is the ratio of fluorescence signals in sodium free and sodium saturated cells measured at 590 nm, R the ratio of F 410 /F 590 , R min and R max are minimal and maximal ratios in sodium free and sodium saturated cardiomyocytes. K d , β, R min and R max used to solve Eq. (A) were determined in the calibration experiments.
Statistics
Values are expressed as means ± SE. Comparisons between means were made using Student's t-test (homoscedastic, two-tailed distribution), and differences were considered significant when p b 0.05.
Results
Antibody specificity
The anti-α 1 antibody labeled a single prominent band at ∼ 100 kDa (Fig. 1A) , which was not visible in the negative control (Fig. 1B ). This indicated a high specificity of the antibody. The anti-α 2 McHERED antibody labeled 3 bands at ∼ 100 kDa, 75 kDa and ∼ 65 kDa (Fig. 1C ). The bands at ∼ 100 kDa and ∼ 65 kDa were not labeled when the primary antibody was saturated with an excess of the peptide sequence (KHEREDSPQSHVL, Eurogentec, Belgium) used to produce the antibody, indicating that the ∼ 65 kDa band was a degradation product of the α 2 -isoform (Fig. 1D ). The nature of the ∼ 75 kDa protein is unknown. All 3 bands were invisible in the negative control (Fig. 1E ). The anti-α 2 Upstate antibody labeled a single prominent band at ∼ 97 kDa (Fig. 1F) , indicating high specificity to the α 2 -isoform.
3.2. The α 2 -isoform of NKA were abundant in the t-tubules antibody. Moreover, the anti-α 1 antibody labeled both transverse and longitudinal t-tubules, whereas labeling by the two anti-α 2 antibodies was predominant only in the transverse t-tubules. The same distribution pattern as for the α 2 antibodies was also observed for NCX by Thomas et al. [6] . In Fig. 2B , D and F, the mean fluorescence intensity along a line in 10 distinct regions of the surface membrane (not including the intercalated discs) was compared to the mean fluorescence intensity of 30 distinct regions of the longitudinal t-tubules. The α 1 -isoform was significantly less abundant in the t-tubules than in the surface membrane (Fig. 2B) . The α 2 -isoform, on the other hand, was more abundant in the t-tubules than in the surface membrane as shown with both anti-α 2 antibodies (Fig. 2D and F, p b 0.05) . By comparison, labeling intensity of the t-tubules with di-8-ANEPPS was merely 51% of that of the sarcolemma indicating that less t-tubule membrane was included in the optical section. Adjusting for this, the relative abundance of the α 2 -isoform in the t-tubules would be significantly higher than indicated in Fig. 2 , but the low accuracy of the method does not justify more exact calculations. For instance, differences in epitope accessibility between t-tubules and surface membrane could exist. To verify that the α 2 -isoform was preponderant in the t-tubules, the NKA current attributable to the α 2 -isoform was measured before and after detubulation. 
A low concentration of ouabain selectively inhibited the α 2 -isoform
In the rat, the α-isoforms differ with regard to their affinity for cardiac glycosides such as ouabain [22] . Voltage clamp experiments were performed to determine the concentration of ouabain that selectively blocked the α 2 -isoform in isolated rat cardiomyocytes (Fig. 3A) . The dose-response curve, fitted with a two site competition, nonlinear regression equation, is presented as percent reduction from baseline I pump (Fig. 3B) . The K d of the high-affinity component (α 2 -isoform) was 19.9 nM, whereas that of the low-affinity component (α 1 -isoform) was 43.4 μM. Thus, a concentration of 0.3 μM ouabain blocked ∼ 94% of the α 2 -isoform, but less than 1% of the α 1 -isoform. Fig. 3C shows the normalized currentvoltage (IV) relationship for I pump,α1 (α 1 -isoform related I pump ) and I pump,α2 (α 2 -isoform related I pump ). I pump,α1 was taken as the difference between currents recorded during voltage ramps c and d in Fig. 3A . I pump,α2 was taken as the difference between total I pump (ramp a − ramp b) and I pump,α1 . The currents in each experiment were fitted with a sigmoid function [23] . The IV-relationship for I pump,α2 was steeper than I pump,α1 at low potentials. This is in accordance with IVrelationships measured in oocytes [24, 25] .
The I pump,α2 was functionally located in the t-tubules
Detubulated cardiomyocytes were used to discriminate between I pump,α2 in the t-tubules and the surface membrane. Fig. 4A and B shows di-8-ANEPPS stained control and detubulated cardiomyocytes, respectively. Almost no t-tubules were observed in the formamide treated cardiomyocytes. Fig. 4C shows the surface-to-volume ratio which was 22% lower in detubulated than in control cardiomyocytes (7.3 ± 0.5 pF/pL vs. 9.3 ± 0.5 pF/pL, p b 0.05). When control cardiomyocytes were exposed to the low concentration of ouabain, I pump density was reduced by 10.7 ± 0.6% (2.62 ± 0.13 pA/pF vs. 2.33 ± 0.12 pA/pF, p b 0.01), indicating that only a minor portion of the I pump was carried by the NKA α 2 -isoform. The reduction in I pump density induced by the low concentration of ouabain was even less after detubulation (6.0 ± 0.5%, 2.95 ± 0.12 pA/pF vs. 2.78 ± 0.11 pA/pF, p b 0.01), indicating a higher density of the α 2 -isoform in the t-tubules than in the surface membrane. T-tubular I pump,α1 and I pump,α2 were calculated and are shown in Table 1 : 53% of the α 2 -isoform current, but only 9.5% of the α 1 -isoform current were located in the t-tubular membrane. Thus, the α 2 -isoform was functionally preponderant in the t-tubules.
The α 2 -isoform regulates contractility
Despite the rather low amount of the α 2 -isoform in the cardiomyocyte, the high abundance in the t-tubules could indicate a role in Ca 2+ handling. The low concentration of ouabain gradually increased FS/TTP to 40% higher after 8-9 min than at baseline (p b 0.05) (Fig. 5) . Also the maximum shortening and relaxation velocities (CV and RV) increased by ∼40% (baseline: CV 0.27 ± 0.02 μm/ms, RV 0.29 ± 0.03 μm/ The experiment was aborted before maximal response due to Ca 2+ overload of the cell, and the measured F 410 /F 590 at 1 mM ouabain only served as a positive control. Mean data from 9 calibration experiments (4 hearts) are shown in Fig. 6C . The data were fitted with a one site saturation, nonlinear regression equation (Sigmaplot, Systat Software Inc., California, USA) with a correlation coefficient of 0.85 ± 0.01), giving R max = 0.092 ± 0.006 and K d = 20.7 ± 4.6 mM. These values were comparable to those determined by Baartscheer et al. [21] . With R min adjusted to 0, and β = 0.95 ± 0.04, Eq. (A) gave a [Na + ] i of 12.7 ± 0.4 mM at baseline and 12.5 ± 0.5 mM during exposure to 0.3 μM ouabain (NS). The smallest detectable change in [Na + ] i was calculated to be 1.7 mM (power 0.80, alpha b 0.05). Thus, increased contractility during 0.3 μM ouabain exposure could not be explained by a substantial global rise in [Na + ] i .
Exposure to 0.3 μM ouabain increased I NCX
To test if the increased contractility could be due to local accumulations of Na + in proximity to NKA and NCX, I NCX and I pump were measured simultaneously in the absence and in the presence of 0.3 μM ouabain (Fig. 7A) . At steady state I pump (step 4 in Fig. 7 ), I NCX was reduced by 78 ± 3% in control and by 69 ± 3% in cardiomyocytes exposed to 0.3 μM ouabain, compared to I NCX at baseline (control: 161 ± 12 pA at baseline, 36 ± 6 pA during steady state I pump ; 0.3 μM ouabain: 201 ± 7 pA at baseline, 63 ± 6 pA during steady state I pump [26] . According to that relation, the observed difference between I NCX measured during steady state I pump in control and during exposure to 0.3 μM ouabain could fit with a local increase in [Na + ] i of 3 mM, which is in reasonable agreement with the present data.
Discussion
In this study, we show by immunocytochemical and electrophysiological methods that the α 2 -isoform of the NKA is abundant in the t-tubules of rat cardiomyocytes whereas the α 1 -isoform is abundant in the surface membrane. Selective inhibition of the α 2 -isoform by a low concentration of ouabain increased contractility by 40%, but did not induce an increase in global [Na + ] i detectable by SBFI. However, a local accumulation of [Na + ] i was detectable by I NCX measurements. This suggests that the α 2 -isoform is efficiently coupled to contractility through a subsarcolemmal pool of Na + , e.g. in the fuzzy space [9, 10] . We determined immunocytochemically the subcellular distribution of the two α-isoforms of the NKA. Only the α 2 -McHERED antibody showed one unspecific band in Western blots, but gave similar immunocytochemical labeling as the α 2 Upstate antibody. We therefore assume that the epitope giving the unspecific band in the Western blot was not accessible in isolated cells, and thus all the antibodies had a high specificity for its target protein in isolated cells. Localization of the α 2 -subunit was predominant in the t-tubules and the α 1 -isoform was more abundant in the surface sarcolemma than in the t-tubules, especially in the intercalated discs. Similar distribution patterns have been observed by others in guinea pig, rat and rabbit cardiomyocytes [27] [28] [29] . However, in another study in the rat [12] , the authors observed α 1 -isoforms enriched in the t-tubules, and uniformly distributed α 2 -isoforms in the t-tubules and surface sarcolemma.
Detubulation of cardiomyocytes was used to separate I pump in the t-tubules from the I pump in the surface membrane. Detubulation has been used in several studies and has been extensively validated [6, 7, 18, 30] . Cell capacitance was 30% lower in the detubulated cells than in control cells, but the cell volume was not changed. Exposure to formamide could affect NKA properties and distribution in the cell membrane. The detubulation experiments should therefore be interpreted with care. However, no effects on cytoskeleton or protein properties were found in formamide treated atrial cells lacking t-tubules [30] . Furthermore, the distribution of NKA α 2 -isoforms shown in the electrophysiological experiments (53% of the α 2 -isoform in the t-tubules) corresponds with the distribution pattern shown by immunocytochemistry. As shown in Table 1 , only 9.5% of the I pump,α1 originates from the t-tubules. Even though the labeling of the α 1 -isoform was more intense in the surface membrane than in the t-tubules, the difference in intensity could not account for the difference in I pump,α1 . An explanation for this could be that the intercalated discs were intensely labeled with the α 1 -antibody, indicating that a large portion of the α 1 -isoforms is located in the intercalated discs. However, we were not able to discern pump activity in the intercalated discs from that in the rest of the surface membrane. Intense labeling of the intercalated discs has been observed with several antibodies to membrane proteins [6] , including other antibodies for NKA [12] , and could partly be due to excessive membrane folding in this region [31] .
In the rat, ouabain affinity differs between the various NKA isoforms. The dissociation constants obtained in our study were in the same order of magnitude as the values from the literature [13, 28, 32, 33] . The consequences of inhibition of the NKA by ouabain are increased Ca 2+ load of the sarcoplasmic reticulum (SR) and larger Ca 2+ transients that will cause increased contractility [34] . It has also been proposed that ouabain exposure will increase the Ca 2+ sensitivity of the ryanodine receptors (RyR) [35, 36] . This mechanism could act in concert with the effect of ouabain on the NKA to increase the size of the Ca 2+ transient. However, as pointed out by Eisner et al. [37] , increasing the open probability of RyR will only transiently increase cytosolic Ca 2+ , and thence cell shortening. When steady state is achieved, the SR Ca 2+ load will be lowered, due to increased leak through RyR. Thus, the Ca 2+ transient would return to control levels. In our experiments, the cell shortening increased gradually and reached a sustained steady state after 8-9 min. Thus, effects of ouabain on RyR are unlikely to explain the increased contraction observed in our experiments. Moreover, a recent study showed that the inotropic effect of ouabain requires intact NCX function [38] .
Although our results show that the α 2 -isoforms only constitute ∼ 11% of the total NKA, the inhibition of α 2 induced a large positive inotropic effect (∼ 40%). The percentage of the α 2 -isoform is similar to that suggested by Lingrel et al. [4] . The role of the α 2 -isoform has also been investigated in mice expressing ouabain-insensitive α 2 -isoforms [39] . Here, ouabain failed to induce the positive inotropic effect observed in control mice. This indicates that the α 2 -isoform is efficiently linked to contractility, probably through the NCX. We have previously shown that NCX is present both in the t-tubules and in the surface sarcolemma, but the density is higher in the t-tubules [6] . The predominant localization of NCX in the t-tubules has also been shown in other studies [7, 40] . The interaction between the α 2 -isoform and NCX probably occurs through a local subsarcolemmal pool of Na + , since inhibition of the α 2 -isoform did not induce a global increase in [Na + ] i , but did increase I NCX . Increasing the concentration of ouabain to concentrations also inhibiting the α 1 -isoform often led to spontaneous Ca 2+ waves (data not shown), indicating that inhibition of the α 1 -isoform induced Ca 2+ overload associated with increase in global [Na + ] i . It seems clear that the α 2 -isoform plays an important role in the fine tuning of contractility, whereas the α 1 -isoform is more important in the maintenance of Na + and K + homeostasis of the whole-cell, and thereby also regulate contractility. In addition to increasing the SR Ca 2+ load, reduced Na + /K + -ATPase activity could increase contractility through a more efficient triggering of Ca 2+ release. Lines et al. [41] recently showed that NCX could play an important role in the triggering of SR Ca 2+ release. This requires slow diffusion of Na + in the fuzzy space so that Na + can accumulate and reverse the NCX. Our data support this prediction. Since the α 2 -isoform seems to control [Na + ] i in the fuzzy space, a regulatory role of the triggering of SR Ca 2+ release can also be predicted for the α 2 -isoform. Interestingly, the IV-relationship was steeper for the α 2 -isoform (Fig. 3C ) indicating a more dynamic role for the α 2 -isoform than for the α 1 -isoform during the action potential. The α 2 -isoform activity will be very low during the resting potential, avoiding depletion of Na + in the fuzzy space during diastole. This will facilitate the early and rapid reversal of the NCX early during the action potential as predicted by Lines et al. [41] . However, during the action potential, the α 2 -isoform will rapidly be activated, lowering local [Na + ] i and favoring forward mode NCX.
Downregulation of the α 2 -isoform during heart failure [1] could impair the tight control of the excitation-contraction coupling. Such downregulation would increase [Na + ] i in the subsarcolemmal pool. This would impair the possible contribution of rapid reversal of the NCX to trigger Ca 2+ release. This could contribute to more dyssynchronous Ca 2+ release as observed in models of heart failure [42] . Also, reduced Ca 2+ extrusion through the NCX would increase SR Ca 2+ load. In heart failure, SR Ca 2+ load is most often decreased [43] [44] [45] . This suggests that the downregulation of the α 2 -isoform is a compensatory mechanism to limit the decrease in SR Ca 2+ load. The use of low doses of cardiac glycosides to improve contractile properties might enhance this compensatory mechanism. Further studies are required to determine the causes and consequences of α 2 -isoform downregulation in heart failure. Extrapolations to other species are not straightforward since rat cardiomyocytes are special due to their extensive t-tubular network and since their α-isoforms have different affinities for ouabain. However, a recent study showed that the human α 2 -isoform exhibit more rapid ouabain association and dissociation rates than the α 1 -isoform, and also different Na + affinity and voltage dependence [25] .
We conclude that the different α-isoforms of the NKA are differentially distributed in the sarcolemma in normal rat cardiomyocytes. The α 1 -isoform is located throughout the whole sarcolemma, especially in the intercalated discs but to a lesser extent in the t-tubules. This suggests a "housekeeping" role for the α 1 -isoform, particularly important in the maintenance of ionic gradients across the membrane. The α 2 -subunit seems to be preferentially located to the t-tubules and is functionally linked to the NCX. This provides evidence for a role for the α 2 -isoform in the tight regulation of cardiac contractility.
